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TRANSMITTER 

BACKGROUND OF THE INVENTION 

[0001] Mobile stations (MS), handheld devices, base stations (BS), access points 
(AP) and other devices of wireless communication system may include transmitters to 
transmit radio frequency (RF) signals. The transmitters may be linear transmitter, 
ou^hasing transmitters, and the like. Transmitters that are used to transmit a 
continuous phase modulation signals, such as, for example, Continuous Phase 
Frequency Shift Keying (CPFSK) signals, Gaussian Minimum Shift Keying (OMSK) 
signals, and the like, may include a fractional-N synthesizer with a built-in data 
modulator. However, in these transmitters, the quantization noise power spectral 
density may grow with frequency. 

[0002] Thus, there is a need for better ways to mitigate the disadvantages described 
above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The subject matter regarded as the iavention is particularly pointed out and 
distinctly claimed in the concluding portion of the specification. The invention, 
however, both as to organization and method of operation, together with objects, 
features and advantages thereof, may best be understood by reference to the following 
detailed description when read with the accompanied drawings in which: 
[0004] FIG. 1 is a schematic illustration of a wireless communication system that may 
be used in conjunction with a transmitter according to an exemplary embodiment of 
the present invention; 

[0005] FIG. 2 is a block diagram of a transmitter according to an exemplary 
embodiment of the present invention; and 

[0006] FIG. 3 is a block diagram of a transnodtter according to another exemplary 
embodiment of the present invention. 

[0007] It will be appreciated that for simplicity and clarity of illustration, elements 
shown in the figures have not necessarily been drawn to scale. For example, the 
dimensions of some of the elements may be exaggerated relative to other elements for 
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clarity. Further, where considered appropriate, reference numerals may be repeated 
among tiie figures to indicate corresponding or analogous elemen^^ 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0008] In the following detailed description, numerous specific details are set forth in 
order to provide a thorough understanding of the invention. However it will be 
understood by those of ordinary skill in the art that the present invention may be 
practiced without these specific details. In other instances, well-known metiiods, 
procedures, components and circuits have not been described in detail so as not to 
obscure the present invention. 

[0009] Some portions of the detailed description, which follow, may be presented in 
terms of algorithms and symbolic representations of operations on data bits or binary 
digital signals within a computer memory. These algorithmic descriptions and 
representations may be the techniques used by those skilled in the data processing arts 
to convey the substance of their work to others skilled in the art. 
[0010] Unless specifically stated otherwise, as apparent firom the following 
discussions, it is appreciated that throughout the specification discussions utilizing 
terms such as "processing," "computing," "calculating," "detenDdning," or the like, 
refer to the action and/or processes of a computer or computing system, or similar 
electronic computing device, that manipulate and/or transform data represented as 
physical, such as electronic, quantities wittdn the computing system's registers and/or 
memories into other data similarly represented as physical quantities within the 
computing system's memories, registers or other such information storage, 
transmission or display devices. 

[001 1] It should be understood that the present invention may be used in a variety of 
applications. Although the present invention is not limited in this respect, the circuits 
and techniques disclosed herein may be used in many apparatuses such as receivers of 
a radio system. Receivers intended to be included within the scope of the present 
invention include, by way of example only, wireless local area network (WLAN) 
receivers, two-way radio receivers, digital system receivers, analog system receivers, 
cellular radiotelephone receivers and the like. 
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[0012] Types of cellular radiotelephone transmitters intended to be within the scope 

of the present inv€^^^ althou^ .npt lim^^ 

Access (CDMA) and wide band CDMA (W-CDMA) celliilar radiotelephone 
transmitters for transmitting spread spectrum signals. Global System for Mobile 
communication (GSM) cellular radiotelephone transmitters. Time Division Multiple 
Access (TDMA) transmitters, Extended-TDMA (E-TDMA), General Packet Radio 
Service (GPRS), Extended GPRS transmitters for transmitting amplitude modulated 
(AM) and phase modulated signals, and the like. 

[0013] Turning to FIG. 1, a wireless commimication system 100, for example, a 
Cellular communication system, is shown. Although the scope of the present 
invention is not limited in this respect, the exemplary Cellular commimication system 
100 may include an at least one base station (BS) 110 and an at least one mobile 
station (MS) 130. Mobile station 130 may include a receiver 140, a transmitter 150, 
and an antenna 160, for example, an omni-directional antenna, a highly-directional 
antenna, a steerable antenna, a dipole antenna, and the like. 

[0014] In some embodiments of the present invention, transmitter 150 may include 
universal transmitter architecture to support digital data transmission. Although the 
scope of the present invention is not limited in this respect, the xmiversal transmitter 
architecture may combine a linear amplification technique using non-linear 
components (LINC) with direct modulation through fractional-N synthesizers. In 
some embodiments of the invention, a firactional-N synthesizer with a sigma-delta 
modulator may provide a desired transmit frequency by controlling the density of 
appearance of "+1" and/or "-1" signals according to a direct current (DC) value 
related to the desired transmit frequency, if desired. 

[0015] Although the scope of the present invention is not limited in this respect, the 
sigma-delta modulators may provide and/or signals with a digital word. 
The digital word may include one or more bits. In embodiments of the present 
invention, the sigma-delta modulators may be implemented by hardware, by software, 
or by any suitable combination of hardware and software. 

[0016] Turning to FIG. 2, a block diagram of a transmitter 200 according to an 
exemplary embodiment of the present invention is shown. Although the scope of the 
present invention is not limited in this respect, transmitter 200 may include a digital 
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signal processor (DSP) 210, a reference oscillator 220, synthesizers 230, 240, power 
amplifiers 250, 260 and a combmer 27P. 

[0017] Although the scope of the present invention is not limited in this respect, an 
input signal 201, denoted s(t), may be provided to transmitter 200. For example, input 
signal 201 may be an analog signal or a digital signal and may be described as 
follows: 



Ac may represent the transmitted amplitude; 

Wc may be the transmitted frequency; 

Df may be the deviation index; and 

m(t) may represent the baseband digital signal. 
In some embodiments of the invention, a phase of signal s(t) may be proportional to 
the integral of m(t), if desired. 

[0018] Although the scope of the present invention is not limited in this respect, input 
signal 201, for example, an amplitude variable complex baseband signal, may be 
inputted to separator 212, for example, a LINC separator or the like. Separator 212 
may generate two constant envelope signals (not shown) based on the 
instantaneous amplitude of the input signal. The constant envelope signals may 
be shifted in phase, for example, the phase of a first signal 214 may be 0 degrees 
and the phase of a second signal 215 may be 90 degrees, if desired. Furthermore, 
the constant envelope signals may be depicted as follows: 



wherein, A(t) (e.g., amplitude) and 0(t) (e.g., phase) are fimctions of PT(e.g., power 
level) and a{t) . For example, to generate two constant envelope signals, A(t) and 
0(t) may be selected as follows: 




— ao 



wherein: 



^i(0 =-^(cos(a>„(0+<*(0 + ^(0) 



A(t) = k> maxi 
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[0019] Although the scope of the present invention is not limited in this respect, 
separator 2 1 2 may prpyide sigma-delta modulators 216 and .218 with digital 
signals 214, 215, respectively, which may relate to phase derivatives (0 and 

^2(0 of signals S}(t) and S2(t)^ respectively. 

[0020] Although the scope of the present invention is not limited in this respect, in 
this exemplary embodiment of the present invention, sigma-delta modulators 216 
and 218 and separator 212 may be implemented by software within DSP 210. 
However, in alternative embodiments of the present invention, sigma-delta 
modulators 216 and 218 and separator 212 may be implemented by hardware 
and/or by a combination of hardware and software, and the like. 
[0021] Although the scope of the present invention is not limited in this respect, a DC 
signal 202 that may be related to a desired power level of the transmitted frequency 
signal may be inputted to sigma-delta modulators 216 and 218. Sigma delta 
modulators 216, 218 may combine DC signal 202 with signals 214 and 215 (e.g. 
derivatives of the phase of signal 201) to provide control signals 223, 225 to 
synthesizers 230, 240, respectively. For example, control signals 223, 225 may 
include digital words of one or more bits based on the implementation needs of 
dijBferent embodiments of the present invention. 

[0022] Although the scope of the present invention is not limited in this respect, 
sigma-delta modulators 216, 218 may modulate an instantaneous frequency of 
synthesizers 230, 240 synthesizers,- respectively, based on a desired power level of a 
transmitted frequency. Synthesizers 230 and 240 may be fractional-N synthesizers, if 
desired. Reference oscillator 220 may provide a reference signal to synthesizers 230, 
240. Synthesizers 230, 240 may modulate portions of signal s(t) 201 based on control 
signals 223, 225, respectively, and may generate respective phase shifted, adjusted, 
RF signals. Synthesizers 230, 240 may provide the RF signals to power amplifiers 
250, 260, respectively. For example, power amplifiers (PA) 250, 260 may be 
saturated PA's, if desired. Combiner 270, for example, a reactive termination 
combiner, a transmission line combiner, a Wilkenson combiner, a trsmsformer 
combiner, and the like, may reconstruct the RF signal to provide a transmitted 
signal with a power level substantially equal to the desired power level of the 
transmitted frequency. 
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[0023] Tximing to FIG. 3, a block diagram of a transmitter 300 according to another 
exemplary embodiment of the giesent invj^^ is shown, Altho ugh the^scogejof .i^e 
present invention is not limited in this respect, the architecture and operation of 
transmitter 300 may be similar to those of transmitter 200. This exemplary 
embodiment further includes variable gain ampUfiers 310, 320, between synthesizers 
340, 350 and PA's 360, 370, respectively, and branch amplifiers 380, 390 with a 
reactive termination combiner 395. 

[0024] Although the scope of the present invention is not limited in this respect, 
synthesizers 340, 350 may be fi:actional-N synthesizers and/or phase modulated 
synthesizers. In this example, DSP 305 may control the modulation of synthesizers 
340, 350 and the gains of branch amplifiers 310, 320. However, in altemative 
embodiments of the invention, other processors or controllers may adjust the gains of 
branch amplifiers 310, 320 to adjust the amplitudes of the outphased modulated 
signals 345, 355. The adjustment may be based on a desired power level, if desired. 
[0025] Altihough the scope of the present invention is not limited in this respect, in 
altemative embodiments of the present invention, transmitter 300 may iaclude a 
feedback loop. For example, a feedback signal 315 (shown with a dotted line) firom 
an output signal of reactive termination combiner 395 to a DSP 305 may be used, if 
desired. 

[0026] While certain features of the invention have been illustrated and described 
herein, many modifications, substitutions, changes, and equivalents will now occur to" 
those skilled in the art. It is, therefore, to be understood that the appended claims are 
intended to cover all such modifications and changes as fall within the true spirit of 
the invention. 
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